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–  What are crown ethers?  Why in the gas phase?	

•  Experimental and computational	

–  Tandem mass spectrometer with a cold 22-pole ion trap	

–  UV and IR spectroscopy	

–  Quantum chemical calculations	

•  Complex structure and its relation with ion selectivity	
















in water, 298 K 






DB18C6Izatt et al., Chem. Rev., 	

1985, 85, 271.  
ΔH for Complex Formation 





Anderson et al., Int. J. Mass 	

Spectrom., 2003, 227, 63.  
DB18C6in the gas phase
Pedersen’s Study   –UV spectra– 











(Cambridge Structural Database) 
This Study 
•  DB18C6, B18C6, B15C5 
M+ = Li+, Na+, K+, Rb+, Cs+	










































Svendsen, Lorenz, Boyarkin, and Rizzo,	








LiCl, NaCl, KCl, RbCl, CsCl	

        in Methanol	









UV power   1–1.5 mJ/pulse	

IR power   4–5 mJ/pulse

























































Structure of M+•DB18C6  (M = Li, Na) 
M+•DB18C6
エーテル環を歪めて捕捉M05-2X/6-31+G(d) with Stuttgart RLC ECP	

A scaling factor of 0.8340 is used.  




K+   エーテル環に入っている	

Rb+, Cs+   エーテル環から大きくはみ出
ている












cf. Li+ (0.90 Å), Na+ (1.16 Å)







UV Spectra of M+•B15C5 
M+•B15C5
M+
The Number of Conformers 
M+ M+•B15C5 M+•B18C6 M+•DB18C6
Li+ 2 2 2
Na+ 1 3 2
K+ 3 2 1
Rb+ 3 1 1
Cs+ 3 1 1
(monomer)  3a 4b 2b 
aZwier and co-workers, J. Phys. Chem. A, 2009, 113, 8055.	




























































Relation between Complex Structure and Selectivity 


















M+ + CE                 M+•CEK
（溶液，室温中）
15C5 18C6
M+ + CE                 M+•CEK
（溶液，室温中）
15C5 18C6






M+ + CE                 M+•CEK
（溶液，室温中）
15C5 18C6














|ΔG∞|  <<  |ΔG0| 
K 
ΔH, ΔS, and ΔG for DB18C6 





















ΔG for B18C6 and B15C5 



















M+ + CE                 M+•CEK
（溶液，室温中）
15C5 18C6













M+ M+•B15C5 M+•B18C6 M+•DB18C6
Li+ 2 2 2
Na+ 1 3 2
K+ 3 2 1
Rb+ 3 1 1
Cs+ 3 1 1
(monomer)  3a 4b  2b 

























cf. Inokuchi et al., J. Am. Chem. Soc. 2011, 133, 12256.   
■大きいイオン	

　包接錯体の|ΔG|がもともと小さい	

K 
